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(54) ORGANIC ELECTROLUMINESCENT DEVICE 

r -v (57)Abstract: 
s - sS " s "\ , x s , , PROBLEM TO BE SOLVED: To obtain a new 

^ \ s I, r";, 4 capable of providing an organic 

electroluminescent device excellent in luminous 
I efficiency, luminous brightness and stability. 
SOLUTION: This new arylamine-containing 
vinyl monomer is the compound of formula I [Rl 
to R 1 8 are each H, an alkyl, an amino, an alkoxy 
or a (substituted) aryl; Arl and Ar2 are each a 
! " " 1 " - x '•' :s! s i;> (substituted) aiyl]. e.g. 

Ij diphenyltetraphenyldiamine. The compound of 
formula I is obtained by adding a solution 
obtained by adding phosphonyl chloride to 
*•< ,o a' x- dimethylformamide-(DMF), to a compound of 
formula II dropwise so as to react and to provide 
!, ^ V- *' \ s * a compound of formula III, and further adding 

triphenylphosphine bromide and CH2C1CH2C1 to 
8 the compound of formula III to react. The 
compound of formula I is polymerized, for 
example, by a method such as a bulk 
polymerization and a solution polymerization in the presence of a radical polymerization 
catalyst to provide a polymer useful for the objective device. Especially, the 
copolymerization product of the compound with a compound of the formula 
CHR19=CHR20 (R19 is H or methyl; R20 is H, phenyl or the like) is useful. 



NOTICES 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an organic electroluminescent element 
available to a new arylamine containing vinyl monomer, its polymer, and the planar light 
source and display device using it. 
[0002] 

[Description of the Prior Art]The organic EL device with which a luminous layer 
comprises an organic thin film attracts attention as what realizes the large area display 
device of a low voltage drive. The element which used low molecule aromatic amine for 
the electron hole transporting bed and to which the element structure which laminates the 
organic layer from which carrier transportability differs was effective in efficient-izing of 
an element, and it used the aluminum chelate complex for the electron-transport-property 
luminous layer is reported. [C.W.Tang, Appl.Phys.Lett., 51, p.913 (1987)] .With this 
element, it has obtained high-intensity [ for utilization of 1000 cd/m 2 / sufficient with the 
impressed electromotive force not more than 10V ]. 

[0003]However, in the electron hole transporting bed of the low molecule aromatic amine 
examined conventionally, the glass transition temperature of material is as low as 60 ** - 
about 100 **, and the element deterioration in recrystallization, destruction of the 
element structure by condensation, and preservation with high environmental temperature 
has been a problem. Therefore, an initial characteristic is not fit for prolonged use with a 
good element, either, and has the fault that it is short, compared with the light emitting 
device, for example, light emitting diode, of an inorganic system of about thousands of 
hours and existing. [ a driver element life ] 
[0004] 

[Problem to be solved by the invention] In order that this invention may solve such a 
conventional problem, then, luminous efficiency, It aims at providing the monomer for 
obtaining new arylamine content vinyl polymer and it suitable for providing the organic 
electroluminescent element excellent in light emitting luminance and stability, and it. 
[0005] 

[Means for solving problem]In order to solve said SUBJECT, this invention person 
examined polymer- izing the arylamine derivative of hole transportability paying attention 
to the polymer material with high membrane stability that it is hard to cause 
crystallization and condensation. And these polymer materials show a glass transition 
temperature (not less than 140 **) far higher than a low molecule model compound, 



Membranous stability is excellent, and also while functioning good as an electron hole 
transporting bed and showing high luminous efficiency and light emitting luminance, it 
finds out that it is dramatically effective in improvement in the stability of an element, 
and came to complete this invention. 

[0006]That is, it is a general formula (1) the first of this invention. 
[Chemical formula 3] 

R 15 R 1 * R 11 R ln R 7 R B R 3 R z 

R1 '"^~|~^|~^~|~^" CR,= 



R 17 R 1B A r 2 R 13 R 12 R 9 R s A r 1 R 5 R 4 ± > 

the inside of a formula, R 1 - R 18 — a hydrogen atom, an alkyl group, and an amino group. 
The basis independently chosen from the group which consists of an aryl group which 
may have an alkoxy group and a substituent, respectively is shown, Ar 1 and Ar 2 show the 
basis independently chosen from the group which consists of an aryl group which may 
have a substituent, respectively. It is related with the arylamine containing vinyl 
monomer shown. 

[0007]The second following general formula (2) of this invention 
[Chemical formula 4] 



R 11 R 10 R 7 



R 3 R 2 <i H 

— N — <0^— <^0>— N— <Q^ C - R 1 
R 1 7 R 1B Ar z R 13 R 1Z R 3 R 8 A r 1 R s R* 



(2) 



the inside of a formula, R - R -a hydrogen atom, an alkyl group, and an amino group. 
The basis independently chosen from the group which consists of an aryl group which 
may have an alkoxy group and a substituent, respectively is shown, Ar 1 and Ar 2 show the 
basis independently chosen from the group which consists of an aryl group which may 
have a substituent, respectively. It is related with arylamine content vinyl polymer of the 
number average molecular weights 1,000-1,000,000 containing the repeating unit shown. 
[0008]The third of this invention is related with the organic electroluminescent element 
using the arylamine content vinyl polymer according to claim 2. 

[0009]As said alkyl group in said R 1 - R 18 , or an alkoxy group, the straight chain shape or 
the branched state thing of the carbon numbers 1-20 can be mentioned, and especially the 
thing of the carbon numbers 1-3 is preferred. As an aryl group, a phenyl group, a 
naphthalene group, a biphenyl group, etc. can be mentioned, what is necessary is just a 
basis which does not check the electron hole characteristic as a substituent of an aryl 
group, and a phenyl group, a dime thy laminophenyl group, a diphenyl aminophenyl 
group, etc. can be mentioned. 

[00 10] As an aryl group in said Ar 1 - Ar 2 , A phenyl group, a naphthalene group, a 
biphenyl group, etc. can be mentioned, what is necessary is just a basis which does not 
check the electron hole characteristic as a substituent of an aryl group, and a phenyl 
group, a dimethylaminophenyl group, a diphenyl aminophenyl group, etc. can be 
mentioned. 

[001 1] An arylamine containing vinyl monomer for forming arylamine content vinyl 



polymer of this invention is compoundable as follows, for example. 
[0012] 

[Chemical formula 5] 

R 15 R 1 * B 



R 10 R 7 R B 



R 3 R z 



R ls ^O) — n — {o^ — (o^ — n — (o^ 

R 1 7 R 1 6 Ar 2 R 13 R lz R 9 R s Ar 1 R 5 R 4 



R 11 R 10 R 7 R B 



P (PH) 3 OCH a BR CH 2 C1CH 2 C1 



(1) 



OHO 



[00 13] A polymerization for obtaining a high molecular compound of this invention or the 
copolymerization can adopt arbitrary polymerization methods, such as bulk 
polymerization, solution polymerization, suspension polymerization, and an emulsion 
polymerization, under existence of radical polymerization catalyst. 
[0014]It is a general formula in order to obtain useful arylamine content vinyl polymer to 
an organic electroluminescent element of this invention, although copolymerization of 
the arbitrary vinyl monomers can be carried out to an arylamine containing vinyl 
monomer of this invention. [Chemical formula 6] 
CHR 19 =CHR 20 .... (3) 

(R 19 is hydrogen or a methyl group among a formula, and R 20 is the basis chosen from the 
group which consists of hydrogen, a methyl group, a phenyl group, a carboxylate group, 
and a carbazole group.) — the monomer shown can be used. As this typical monomer, 
ethylene, propylene, styrene, acrylic acid, methacrylic acid, a methyl ant crate, methyl 
methacrylate, N-vinylcarbazole, etc. can be mentioned. 
[0015]In order to obtain polymer suitable for manufacturing the organic 
electroluminescent element of this invention, it is preferred that an arylamine content 
vinyl monomer serves as the main ingredients. For that purpose, as for especially the 
monomer of said general formula (3), it is preferred to use 30 weight % 50weight % 



among total monomers in the quantity around which the bottom turns. 
[00 16] As long as the organic electroluminescent element of this invention is provided 
with the organic layer which consists of said polymer material, especially element 
structure may be a multilayer type more than a bilayer also in the monolayer type which 
is not limited but consists of one layer of organic layers. It is applicable to various 
element structures provided with said polymer material in short. 
[0017]A polymer used by this invention has [ a thing of 1,000-1,000,000, especially 
3,000-100,000 ] a preferred average molecular weight. It is not limited for thickness of 
each layer which constitutes an element containing this high polymer layer especially in 
this invention. A high polymer layer is formed also of the ink jet method and a Langmuir- 
Blodgett's technique besides a method of applying from a solution which dissolved a 
polymer in a suitable solvent. About other organic layers, it can form by vapor growth 
and the solution applying methods, such as a vacuum deposition method. 
[0018][Function]In an organic electroluminescent element, an electron hole is poured in 
to an organic layer from the cathode, i.e., a hole injection electrode, which has a big work 
function, and an electron is poured in to an organic layer from the cathode electrode 
which has a small work function. In the case of the bilayer type element which consists of 
an electron hole transporting bed and an electron-transport-property luminous layer, 
through an electron hole transporting bed, the poured-in electron hole is recombined with 
the electron poured into the luminous layer, and produces an exciton in a luminous layer 
in near an interface with a luminous layer. As a result, luminescence arises from a 
luminous layer. In order to obtain high luminous efficiency and luminosity at this time, it 
is important to raise the injection efficiency of not only the improvement in the transport 
properties of the electric charge of each layer but the electric charge from an electrode. 
Also in order to prevent recrystallization of the organic layer by the Joule heat by 
energization and promotion of condensation, i.e., element deterioration, it is necessary to 
choose a high material of a glass transition point. 

[0019]In this invention, by using a polymer which has high electron hole transport 
properties in an electron hole transporting bed, adhesion with an electrode is improved 
and the pouring characteristic of an electric charge is raised. Since a polymer which has 
amino combination and has a high glass transition point is used, crystallization and 
element deterioration by condensation are controlled and an organic electroluminescent 
element which has the good characteristic can be obtained. 
[0020] 

[Working example] Although an embodiment is given to below and this invention is 
explained to it, thereby, this invention is not limited at all. 

[0021]Embodiment 1 (composition of tetraphenyldiamine content vinyl polymer) 
Composition was based on the following reaction formula. 
[Chemical formula 7] 




[0022] [Composition (TPDD) of tetraphenyldiamine of diphenyl] 14.7 g (43mmol) of 
diphenylbenzidine, 32.1 g (160mmol) of iodobenzenes, the activity copper 8.82g 
(140mmol), and 4.3 g (1 lmmol) of sodium hydroxide were added, and it was made to 
react at 230 ** for 24 hours. Copper and sodium hydroxide were removed by diluting 
with an after-reaction tetrahydrofuran (THF) and filtering. Dark-red solids were collected 
by collecting filtrate and condensing by an evaporator. When 300 ml of acetone was 
added to this, churning washing was performed and suction filtration recovered a 
sediment, a cream-colored rough crystal was obtained. Since this had bad solubility to a 
solvent and column purification was difficult for it, it washed with acetone further. Yield: 
76.94% (18.8g) 

[0023]Sublimation refining of this was carried out in small quantities for a structure 
check. An IR spectrum, a ^-NMR spectrum, and ultimate analysis performed a structure 
check, and each spectrum was shown in drawing 1 and drawin g 2 . A theoretical value 
and analytical value of an ultimate analysis value corresponded well as follows. 
The melting point: 235.6-236.9 **FT-IR(KBr):1260-cm" 1 [(Ar) 3 N] 
1 H-NMR(270-MHz, DMSO, TMS):delta(ppm) =7.0-7.8 (m, 14H, Ar) 



An ultimate-analysis value (C36H28N2): Theoretical-value C88.49%, H5.73%, N5.78%, 
analytical value C88.74%, H5.78%, N5.88% [0024][Aldehyde-izing (TPDA) of 
tetraphenyldiamine of diphenyl] 7.2 g (0.014 mol) of tetraphenyldiamine (TPDD) of 
diphenyl obtained by said reaction is melted in 300 ml of 50 ** dichloroethanes, A 
solution which added 5.4 g (0.035 mol) of chloridation phosphonyl into 30 ml of 
dimethylformamide (DMF) was dropped. A reaction was performed in a water bath after 
dropping for 1 hour, and from there, reaction temperature was set as 40-45 **, and was 
performed one whole day and night. After ending reaction, an oil reservoir was extracted 
and a viscous body was obtained, after separating liquids. What was obtained was a black 
tar substance. When column purification was carried out for an obtained tar substance 
using mixed liquor of chloroform:hexane =2:1, a yellow rough crystal was obtained. 
Yield: 38.0% [0025] Sublimation refining of the small quantity was carried out, and a 
structure check was performed. An IR spectrum, a 'H-NMR spectrum, and ultimate 
analysis performed a structure check, and each spectrum was shown in drawing 3 and 
drawing 4 . A theoretical value and analytical value of an ultimate analysis value 
corresponded well as follows. 

melting point: - 95.9-97.2 ** ultimate analysis value (C37H28N2O1): — the theoretical 
value C - 86.02% H 5.46% N 5.42% and the analytical value C - N [ H / 86.00% of/ 
5.54% of] 5.41% [0026][Vinylation (TPDV) of tetraphenyldiamine of diphenyl] 5.75 g 
(21mmol) of aldehyde derivatives (TPDA) of the diphenyltetraphenyldiamine obtained 
by said reaction are melted in 50 ml of benzene, and it is considered as a TPDA solution. 
The triphenyl phosphine star's picture 7.33g (21mmol) was added to 50 ml of benzene, 
and the mixed solution of THFlOml, it was considered as the suspension solution, and 14 
ml of butyl ******- hexane solutions (1.63 mol/1) were dropped at this, phosphorane was 
made and the solution was dropped at the TPDA solution. It reacted by making reaction 
temperature into a room temperature and agitating for 3 hours. It diluted with diethylether 
after ending reaction, and the hydrochloric acid aqueous solution recovered the organic 
layer after washing. The yellow viscous body was obtained by condensing by an 
evaporator, this viscous body - toluene: — when column purification was carried out 
using the mixed liquor of hexane =1:3, the white rough crystal of the object was obtained. 
Yield: 39.0% (2.23g) 

[0027]An IR spectrum, a ^-NMR spectrum, and ultimate analysis performed the 
structure check, and each spectrum was shown in drawing 5 and drawing 6 . The 
theoretical value and the analytical value of an ultimate analysis value corresponded well 
as follows. 

Melting point: 86.9-88.3**FT-IR(KBr, cm" 1 ): 1500- 1600, 3000 (Ar) 
1 H-NMR(270-MHz, DMSO, TMS):delta(ppm) =47.0-7.8 (m, 14H, Ar) 
Ultimate-analysis value (C38H30N2): Theoretical-value C88.68%, H5.88%, N5.44%, 
analytical value C88.34%, H6.19%, N5.15% [0028]Composition of [tetraphenyldiamine 
content vinyl polymer. (PTPD) In a polymerization pipe with] tap, melt 0.007 g (mol) of 
azo-isobutyro-dinitrile (azobisuisobutironitoriru) which is 0.76 g (mol) of 
tetraphenyldiamine content vinyl monomers (TPAV) and the initiator which were 
obtained at said process in 6.0 ml of benzene of a solvent, and After freezing degassing, 
The reaction was performed at 60 ** for 24 hours. After ending reaction, it flowed into 
1000 ml of methanol, and polymer was settled. Refining performed reprecipitation 
refining (chloroform/methanol) 3 times, and obtained tetraphenyldiamine content vinyl 



polymer with the following repeating unit. Weight average molecular weight was 24000. 
Yield: It was 413 ** in 143 ** of glass transition points, and decomposition temperature 
93.2%. 
[0029] 

[Chemical formula 8] 

— C H z — C H — 




[0030]Glass transition temperature which measured this polymer with a differential 
scanning calorimeter (DSC7 by PerkinElmer, Inc.) is 143 **. 

Decomposition temperature in inside of nitrogen gas measured with a fhermo gravity plan 
(TGA7 by PerkinElmer, Inc.) was also as high as 416 **, and high thermal stability was 
shown. 

Ionization potential measured with Riken Keiki Co., Ltd. tabulation surface analysis 
equipment (AC-1) is 5.6 eV, and it turned out that it has ionization potential small 
enough as a hole transportability material. 

[0031] (Production of an EL element) Drawing 7 is a sectional view of one embodiment 
of this invention. 1 is a glass substrate and the coat of ITO(indium oxide)2 of 

15ohms of sheet resistance / ** is carried out on it. Tetraphenyldiamine content vinyl 
polymer obtained by said method as the hole-transport high polymer layer 3 on it was 
formed in 400-A thickness by the dip-coating method from chloroform fluid. It is a 
following formula as the luminous layer 4 from moreover. [Chemical formula 9] 



It came out, and the tris (8-quinolinolato) aluminium complex of the electron transport 
property shown was vapor-deposited and formed under the vacuum of 700 A and 10" 
5 Torr. 2000A vapor codeposition of Mg and Ag (10:1) was carried out to the last with the 
same degree of vacuum as a cathode electrode. The field of the luminous region was 
made into the shape of a square of 0.5cm by 0.5cm. 

[0032]In the aforementioned organic electroluminescent element, ITO was used as the 
cathode, direct current voltage was impressed by having used Mg:Ag as the anode, and 
luminescence was observed through the glass substrate. Luminosity was measured by 
TOPCON luminance meter BM-8. Green luminescence was obtained from this element 
by impression of direct current voltage, and it checked that the tris (8-quinolinolato) 
aluminium complex of a luminous layer was emitting light from the emission spectrum 
(refer to drawing 8 ). Luminosity showed 2000 cd/m 2 and a high value by 9V. Also in the 
element saved in a dry nitrogen atmosphere at the room temperature, it hardly changed to 
the initial characteristic for three months after production, but checked that the 
preservation stability of an element was very good. Big degradation was not seen in the 
element saved on 100 ** conditions in a dry nitrogen atmosphere for 100 hours, but 
having heat resistance with this high element was checked. When a continuation drive 
was performed with a constant current value, the sharp fall of luminosity was not seen 
three months afterward. 

[0033]The following formula which is a comparative example 1 low-molecule model 
c omp ound [Chemical formula 10] 



With the same element that came out and used the arylamine vacuum evaporation film 
shown for the electron hole transporting bed, luminosity half line was only 25 hours. 
[0034]When the new polymer of this invention has a high glass transition temperature so 
that clearly from Embodiment 1 and the comparative example 1 shows that the stability 
of an organic layer is improved substantially. As for the element of this invention, even 
when a luminous layer used organic materials other than a tris (8-quinolinolato) 
aluminium complex, improvement in stability was accepted in a similar manner. 



[Effect of the Invention]As mentioned above, according to this invention, a new 
monomer and polymer have been provided as explained. The organic electroluminescent 
element which was excellent in a luminescent characteristic and stability using this 
polymer was able to be provided. And the organic electroluminescent element of this 
invention has sufficient reliability for utilization, and can use it widely in the field of a 
display and Lighting Sub-Division. 




[0035] 



[Translation done.] 



